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Abstract — The future of automation is being written today. 
What is meant by “robotic natives”? What role does 
“decentralized intelligence” play in Industrie 4.0? The digital 
transformation and the change that this will bring forth in our 
worlds of production raise a lot of questions. After the late 90s 
the idea of mass customization in industry is present. The main 
goal is to handle the consumer demand for customized products. 
Recent developments in research, engineering and technology 
enable industries to move from profitable linear assembly lines to 
profitable non-linear, dynamic assembly lines to satisfy such a 
demand. Industrie 4.0, a German governmental initiative, 
encourages industries to use interconnected Cyber-Physical 
Systems (CPSs) to create context-sensitive and decentralized 
factory environments. CPSs in combination with tracking 
technologies and a component based assembly line can create a 
factory environment that allows customers to change their 
requirements during assembly-time. Such change is typically not 
considered in the domain of manufacturing. In modern software 
engineering projects, agile techniques allow customer change 
during the entire development phase. Such change results in 
customer oriented, customized software products. In this paper 
we describe the development of an Agile Factory prototype. The 
developed Agile Factory prototype transfers agile software 
engineering techniques to the domain of manufacturing. It 
explores the impact and feasibility of customer changes during 
assembly-time using a commercially available software 
framework. The assembly line of the Agile Factory is component 
based, using track able mobile worktables in combination with 
stationary workstations. 
Keywords—IoT; Industrie 4.0; Mass production; Cloud 
computing 
 
I.  INTRODUCTION  
Industrie 4.0 was one of the future projects adopted in the 
„Action Plan High-tech strategy 2020” by the German Federal 
Government in 2010. This encouraged the business 
associations BITKOM, VDMA and ZVEI to establish the 
platform Industrie 4.0 in 2013 [28][27]. In 2015, the platform 
Industrie 4.0 was expanded with support of the Ministry for 
Economic Affairs and Energy and the Ministry of Education 
and Research. More actors from the private sector, business 
associations, unions, research organizations and political 
institutions joined. Today, a total of over 300 players from 159 
organizations are active in the platform. All countries have 
launched Industrie 4.0 initiative, Germany and US first, 
followed by China, Japan and rest of Europe [2][1]. 
 
Fig. 1. Worldwide initiatives & related investment announced [9] 
The platform Industrie 4.0 already carries out intensive 
dialogues at international level: There is a close link to the EU 
Commission and the G20 countries in terms of European 
workshops, lectures, publications etc. The Ministry of 
Economic Affairs and the platform Industrie 4.0 support the 
European Commission in its efforts to build a network of 
national initiatives at European level and to promote activities 
on industry 4.0 across Europe[6][5][7]. 
 
The platform also maintains numerous links with stakeholders 
outside Europe. One example is the Standardization Council 
i4.0, in which German industrial associations and 
standardization organizations, together with international 
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organizations, initiate and coordinate standards for digital 
production. The platform is also co-operating with the 
Industrial Internet Consortium (USA), the Alliance Industrie du 
Futur (France) and the Robot Revolution Initiative (Japan). 
Furthermore, the platform agreed on a memorandum of 
understanding (MoU) with China and developed a joint action 
plan [4][3]. 
A. Big Data 
Data are the new oil. The term “Big Data” refers to 
quantities of data that are too large or too complex, that change 
too quickly or are too weakly structured for them to be 
evaluated with manual and conventional methods of data 
processing [18]. In this context, experts talk about an 
inconceivably large data volume of currently more than 8 zeta 
bytes – with an increasing tendency. A substantial proportion 
of this already comes from the Internet of Things (IoT) and 
from the ever more numerous sensors in machines and vehicles  
[8][10][11]. Data are increasingly being generated in real time. 
In connection with Industrie 4.0, however, it is the ability to 
evaluate and process this flood of data that is of paramount 
interest. That is how Big Data become Smart Data. The 
challenge is therefore not only for IT systems to be able to 
handle heterogeneous data correctly but also for them to 
analyze the data in order to create a reliable basis for business 
decisions – preferably in real time. Only in this way can 
processes be controlled intelligently and adapted to changing 
parameters. Taking the metaphor further, Big Data is thus the 
new oil of the 21st century. 
B. Cloud Robotics 
Nowadays smartphones, tablets and computers utilize data 
and processing power from the cloud as a matter of course like 
shared intelligence. In the context of Industrie 4.0, robots too 
will be able to access decentralized data in networks or in the 
cloud, thereby significantly boosting their performance and 
flexibility. The robot itself will only require a small chip to 
control functionality, motion and mobility. For the task at hand, 
specific services will be retrieved from the cloud or individual 
robots networked on an ad hoc basis to form temporary 
production teams [13][12]. In this way, specialists will become 
Universalists that can be used for a wide range of different 
manufacturing processes. Cloud robotics enables the 
implementation of a broad spectrum of different industry-
specific applications via “Robotics as a Service®”. Another 
effect of the cloud: robots learn from one another. If one robot 
encounters an obstacle, for example, it posts this information to 
the connected systems, which can use it to respond intelligently 
to the obstacle. 
C. Collaborative Robots 
Collaborative robots – sometimes also known as “cobots” 
for short – are robots that are capable of human-robot 
collaboration (HRC) and work hand in hand with their human 
colleagues. As collaborative robots operate without physical 
safeguards, they have to permanently calculate the risk of 
colliding with humans, constantly checking this via the robot 
controller. The strict safety requirements have been redefined 
in the revised EN ISO 10218 standard, parts 1 and 2, and in the 
ISO/TS 15066 specification initially drafted in 2010. Besides 
the robot itself, the standard also covers the adapted end-of-arm 
tooling with which the robot performs its tasks, and the objects 
moved with it. With the LBR iiwa, developers has made the 
world’s first series-produced, collaborative lightweight robot 
for industrial applications ready for the market, thereby proving 
that the visions of Industrie 4.0 can be turned into reality. 
D. Cyber-Physical System (CPS) 
A cyber-physical system (CPS) is a “thing” in the Internet 
of Things (IoT) where physical world meets virtual world. It is 
a combination of mechanical, electronic and software 
components that communicate via a data infrastructure such as 
the Internet, react flexibly to external influences and exchange 
data with information systems and other CPSs. In future 
manufacturing facilities, cyber-physical systems will 
communicate with intelligent, networked industrial production 
and logistics units – also known as cyber-physical production 
systems (CPPS). The CPSs exchange information, trigger 
actions in production and reciprocally control themselves 
autonomously. This enables industrial processes in 
manufacturing, engineering, use of materials, supply chain 
management and life cycle management to be fundamentally 
restructured and optimized[19][22]. 
E. Data Ownership 
The data belong to the originator, who owns the data. A 
principle that is regrettably contested in the cloud. The open 
exchange of data and information, however, is a vital 
ingredient of Industrie 4.0. To put this on a secure footing, it is 
necessary to create platforms that comply with high ethical 
standards conforming to German data protection laws. 
Particularly with a view to the horizontal networking of various 
companies within a production process, the question of data 
sovereignty is of central importance. With cloud solutions 
meeting the highest data security standards, developers offers 
unique platforms on the basis of which customers can 
exchange their own data with others or enrich them with new 
intelligence and additional information. 
F. Individualized Production 
Meeting every customer requirement is a key concept. 
Individualized, or customized, production refers to the concept 
of an intelligent, highly automated production system that 
allows high variance and dynamism in the product range with 
production costs at the level of mass production[14][15][20]. 
The goal is to resolve the conflict between the customer’s 
desire for individualization and the process efficiency of 
production in an industrial setting. A batch size of 1 is the 
highest level of customized production. Besides proprietary 
solutions in the automotive sector, Industrie 4.0 with its 
universally networked production environments represents the 
world’s most advanced approach for implementing customized 
production. 
G. Industrie 4.0 
Industrie 4.0, Smart Production or Internet of Things – even 
if the names and terms used vary from one country to another, 
they all share the same goal [17].  Production meets 
digitization. What is called for here is nothing less than a long-
term transformation of our global perception of industrial 
production through the seamless connection of the digital and 
real worlds[13][18]. Developers and manufacturers are at the 
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interface between these two worlds and is playing a decisive 
role in advancing this transformation as a thought leader and 
trailblazer for Industrie 4.0. It was back in the 1990s that 
robotics as a first mover recognized the potential to be gained 
by combining the world of IT with conventional automation 
technologies [35]. The German company was also the world’s 
first robot manufacturer to develop open, interoperable and 
flexible systems on the basis of standardized mainstream 
technologies and to make them ready for the market. In 
collaboration with experts from diverse sectors, i4.0 developers 
are now already implementing highly flexible, digitized 
manufacturing processes that will open up new opportunities in 
a competitive environment and lastingly change the way we 
work and produce. 
H. Internet of Automation (IoA)/Internet of Robotics (IoR) 
Basis for efficient production. Both the Internet of 
Automation (IoA) and the Internet of Robotics (IoR) make use 
of defined open communications and data standards to network 
interoperable production processes even across company 
boundaries. In the IoR for example, robots, the App Store or 
Play Store, connectivity and monitoring tools are networked to 
form a highly efficient production environment in which 
analog and digital devices can easily communicate with one 
another [33][34]. In the near future, it will be possible for all 
the cyber-physical elements involved in the automated 
manufacturing process to be networked in the IoA and to 
communicate with the IoR. 
I. Internet of Things (IoT) 
Everything communicates with everything else. Like 
Industrie 4.0, the Internet of Things (IoT) presupposes a 
network of physical objects – devices, vehicles, buildings and 
other items – which are fitted with electronic components, 
software and sensors, all of them being linked interoperable via 
the Internet[16][21][36]. Unlike Industrie 4.0, the IoT rather 
non-selectively refers to all things that could be connected to 
the cloud. The IoT thus also encompasses the private domain, 
including, for instance, the already well-known “smart home” 
applications. Strictly speaking, the smart factories of Industrie 
4.0 along with all their production and logistics processes are a 
part of the IoT. Experts forecast that the IoT will comprise 50 
billion objects by the year 2020. 
 
II. MASS CUSTOMIZATION WITH INTELLIGENT, MODULAR, AND 
ADAPTIVE PRODUCTION TECHNOLOGY 
The intelligent factory of the future is a production facility 
in which manufacturing systems, robots, logistics systems, 
products and their components are largely able to organize 
themselves autonomously [22][24][23]. The smart factory is 
undergoing a paradigm shift towards an entirely new 
production logic: smart products, components, tools and 
machines are unambiguously identifiable, can be localized at 
all times and are aware of their history, their current status and 
multiple ways to the desired goal. With the smart factory’s 
high degree of flexibility, customization with a batch size of 1 
will become reality in the context of industrial mass production 
[25][26][21]. To achieve this, the production systems must, on 
the one hand, be networked vertically, for example with 
business processes within factories and companies. On the 
other hand, they must also be linked horizontally across 
company boundaries – from the purchase order through to 
outbound logistics – to create distributed value creation 
networks that can be controlled in real time [31][32][30]. 
 
 
Fig. 2. Detailed Operational Concept for Industrie 4.0 [17] 
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New, intelligent platforms will be created for the 
implementation of Industrie 4.0. They will support 
collaborative industrial processes and use their services and 
applications to network people, things and systems 
[27][17][18]. The result will ensure greater flexibility and a 
continuous flow of information: smart platforms will document 
the entire business process, work safely and reliably at all 
levels, and support mobile end devices and collaborative 
production, service, analysis and forecast processes along the 
entire digital supply chain [29][37]. For the smart factory, the 
developers already have modular software architectures in its 
portfolio, based on mainstream technologies and prepared for 
the entire evolutionary process of Industrie 4.0. The Java 
platform of the developing environment makes it ideally suited 
to future app-based programs. 
III. CONCLUSIONS 
Customization, digitization, responsible use of natural 
resources and demographic changes are the megatrends that 
will need to be mastered in the coming decades. With a 
forecast world population of 8 billion by the year 2025 and 10 
billion by 2060, ever more customer requirements of increasing 
diversity will need to be satisfied. At the same time, 
demographic changes will be confronting industrialized and 
emerging countries with economic and social challenges over 
the long term. Humanity is thus facing a fundamental paradigm 
shift which will undoubtedly have far-reaching consequences 
for our worldwide economic systems. That is why Industrie 4.0 
does not describe a purely technical innovation scenario but 
rather a way in which intelligent technology can help to 
overcome the global challenges of the 21st century. As a 
thought leader and trailblazer for Industrie 4.0, the developers 
are working on production environments which increase 
economic efficiency while also using resources responsibly, 
which make high-quality goods more affordable and which are 
instrumental in sustainably improving human working 
conditions in factories. The ability of humanity to handle the 
future will be determined by a responsible and sustainable 
approach to natural resources. In a just world, it may be 
assumed that ever more people will want to be supplied with 
ever better products. Flexible, intelligent and networked 
production as envisaged in Industrie 4.0 offers the opportunity 
of using raw materials more efficiently and more sustainably 
along the entire value creation chain and recycling them to a 
great extent for the sake of the planet. 
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